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ABSTRACT
The lymphatic system is one of the latest anatomical organ systems to have been discovered,
and as a result, it can be considered the least understood. Limited research exists on the
quantitative and qualitative values of lymph nodes. The pelvic and axillary region is
anatomically unique for each sex. Observing if this extends to the lymph nodes themselves will
create a clearer understanding of the lymphatic system for the medical community. The
present study sought to establish potential differences in male and female lymph
nodes. Quantitative data of male and female lymph nodes were collected through cadaver
dissection. Fifty-three cadavers were dissected over two years for the present study.
Histological analysis of lymph nodes through hematoxylin and eosin staining of lymph node
tissue and light microscopy was incorporated to compare lymph nodes qualitatively.
Quantitative analysis through Mann-Whitney U Tests showed significant differences in male
and female inguinal nodes, while histological analysis did not establish significant physiological
differences between the sexes.

5

TABLE OF CONTENTS
ABSTRACT

1

TABLE OF CONTENTS

2

LIST OF FIGURES

3

LIST OF TABLES

4

ACKNOWLEDGEMENTS

5

INTRODUCTION

6

1.1 Lymphatic System Overview…………………………………………………………………………………………..6
1.2 Anatomical and Lymphatic Comparisons……………………………………………………………………….7
1.3 Association with Cancer…………………………………………………………………………………………………9
1.4 Male and Female Differentiations………………………………………………………………………………..11
1.5 Hypothesis and Specific Aims……………………………………………………………………………………….15

METHODS

16

RESULTS

19

DISCUSSION……………………………………………………………………………………………………………………………..26
REFERENCES…………………………………………………………………………………………………………………………….32

6

LIST OF FIGURES
Figure 1.1
Figure 1.2
Figure 1.3
Figure 1.4

Average lymph node surface area per anatomical region (combined sexes)…….19
Average lymph node surface area inguinal nodes…………………………………………….20
Hematoxylin and eosin stain of male inguinal node………………………….………………24
Hematoxylin and eosin stain of female inguinal node……………………………...………25

7

LIST OF TABLES

Table 1.1. Mann-Whitney U Test-Superficial Inguinal Nodes.
22
Table 1.2. Mann-Whitney U Test-Deep Inguinal Nodes………………………………………………………….23

8

ACKNOWLEDGEMENTS
I would like to thank the donors and family members who made generous donations of
cadavers to the Philadelphia College of Osteopathic Medicine. I would also like to thank Jeff
Seiple and Ron Wilde at the anatomy lab, Jackie Gerhart at the Philadelphia Campus, Yan Wu
from the research lab, members of my thesis committee (Dr.Redmond and Dr. Selby), student
researchers Yuhyun Kang and Kelsey Rice, and finally my mentor Dr. DiCecco.

9

INTRODUCTION
1.1 Lymphatic System Overview
The lymphatic system deals with the movement and exchange of lymph, a clear-white
substance composed of white-blood cells, hyaluronan, waste metabolites, triglycerides, and
salts (3). Lymph is essentially accumulated interstitial fluid that has entered a lymphatic vessel
(3). The lymphatic vessels, a key component of the lymphatic system, contain four types, initial
lymphatics (capillaries), pre-collectors, collectors, and trunks. Collectors eventually form into
lymphatic trunks (3). These trunks drain into the right thoracic duct (receives lymph from the
upper right quadrant) and the thoracic duct (receives lymph from rest of the body) which then
directly drain into the right and left subclavian veins respectively (3). The encapsulated
structures located along the path of collector lymphatic vessels that filter incoming lymph are
called lymph nodes. Lymph nodes are commonly found throughout the entire body, with the
majority located around the abdominal organs, especially the gastrointestinal system, or at
transition areas like the head, axilla, and groin (3). Lymph nodes filter fluid from 3-5 afferent
collector vessels prior to exiting through 1 efferent collector and 1 vein. The nodes are
encapsulated in a layer of dense connective tissue, and composed of B and T cells,
macrophages, and dendritic cells (3). Lymph nodes are crucial to maintaining the function of the
lymphatic system, which is to provide homeostasis of extracellular fluids and immunity through
removal of foreign pathogens and antigens (3).
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While it is evident lymph nodes are needed for a healthy lymphatic system, limited
published research discusses the quantitative ranges of lymph nodes in the body. In general,
the human body has approximately 450-700 total lymph nodes, but sources conflict on the
average ranges of nodes within specific anatomical areas (16,26,29). Lymph nodes are
commonly grouped by their anatomical landmarks, examples include sacral, iliac, lumbar, and
inguinal lymph nodes (3). Further categorization includes the addition of labels such as
superficial, deep, common, lateral, and medial (3). The pelvic inguinal nodes of both sexes can
be further divided into superficial nodes (inferior to the inguinal ligament) and deep nodes
(inside the femoral sheath, medial to femoral vein) (12). Current scientific knowledge indicates
there are no differences quantitatively and qualitatively between the lymph nodes of males and
females (23).
1.2 Anatomical and Lymphatic Comparisons
The pelvic region of males and females has the most anatomical and sexual variation
between the sexes. Female pelvic cavities are broader shaped and have a wider pubic arch.
While the genitalia of both sexes are clearly different, the lymphatic pathways for the genitalia
also diverge. Males contain two lymphatic pathways for the penis. One pathway is associated
with superficial vessels that flow together with the dorsal vein to drain into the superficial
inguinal nodes while the other pathway contains deep lymphatic vessels that drain into external
iliac nodes (27). The clitoris has an alternate lymphatic pathway which drains into the nearby
inguinal, sacral, common iliac, and external iliac nodes (27). In females, the labia majora and
labia minora drain into the superficial inguinal nodes whereas in males the scrotum drains into
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lumbar nodes (28). The cervix drains into the internal iliac and sacral nodes, the uterus body
into external iliac nodes, and the fundus into lumbar and superficial nodes (28). The prostate
gland drains into the internal and external iliac nodes (3). The fallopian tubes and ovaries drain
into the lumbar nodes (27). If a difference does exist between the lymph nodes of different
sexes, it could be most prominent in the pelvic region, the region with the highest anatomical
variation between the sexes.
While the lymphatic drainage pathways for the genitalia are different, male and females
share similar lymphatic drainage pathways in their respective shared viscera. The urinary
bladder of both sexes contains three drainage pathways that drain from the bladder to the
lumbar, common iliac, and external iliac lymph nodes respectively (28). The rectum of both
sexes drains into the pararectal nodes and then to the mesenteric nodes (3,28). Likewise, the
small intestine and large intestine of both sexes drain into the nearby mesenteric nodes (3).
Male and female urethra differ anatomically but share the same drainage pathways to the
internal iliac and deep inguinal nodes (28). The kidneys drain into the nearby lumbar nodes, and
the pancreas and spleen drain into the nearby splenic nodes for both sexes (3)).
To a lesser extent compared to the pelvic region, the axillary region of males and females
also contain prominent sexual and anatomical variation. Male breast tissue contains fewer
ducts and lobules and is mainly composed of stroma (8). Female breast tissue consists of a far
greater amount of estrogen receptors and overall surface area compared to male breast tissue
(8). The axillary nodes are composed of 5 regions, posterior (subscapular), anterior (pectoral),
lateral (humeral), central, and lastly apical (site of terminal drainage) (20). Although the

12

lymphatic drainage pathway for the axillary region is similar for both sexes, in females the
lymphatic drainage surface area is higher so a potential difference in axillary nodes could be
observed (13).
1.3 Association with Cancer
The lymphatic system unfortunately plays a large role in the progression of cancer. Cancer
spreads through the lymphatic system when a tumor metastasizes and the cancer cells travel
through lymphatic vessels, affecting nearby lymph nodes (23). The first lymph nodes to drain a
cancer site are called sentinel nodes; biopsies of sentinel nodes are done in order to diagnose a
patient’s stage of cancer (3). Cancer is diagnosed in a series of stages ranging from 0-4. Stage 0
represents abnormal cells with the potential to be cancerous, stage 1 indicates cancer that is
self-contained, stages 2 and 3 indicate cancer that has started to spread to nearby lymph
nodes, and finally stage 4 which indicates that the cancer has spread to different organ systems
(23). Cancerous lymph nodes can appear swollen and the presence of cancerous nodes indicate
a later stage (2-4) in the diagnosis of the cancer (23). Most cancers of the pelvis are gender
exclusive and examples include prostate, penile, and testicular cancers for males and cervical,
ovarian, endometrial, and vaginal cancers for females. Breast cancer manifests in both males
and females, however females make up 99% of the cases (8). Lymphadenectomies (removal of
multiple nodes) are used to diagnose and to further treat multiple types of cancers (2,4).
Pelvic and axillary lymphadenectomies have been proven as effective treatments for
cancers located in the pelvic region and breast cancer respectively (2,4). Patients with
transitional cell carcinomas of the bladder had improved survivorship rates when more lymph
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nodes were removed (4). Lymphadenectomies are considered an accurate tool in determining
the stages of cancer as well as stopping the spread (11). However, the positive outcomes of
lymphadenectomies in cancer treatment conflict with the negative effect in secondary
lymphedemas (11). Lymphedema is a condition in which the swelling and buildup of lymph is
due to lymphatic system dysfunction (18). Frequently in patients with cancer, this dysfunction is
due to damage or removal of portions of the lymphatic system, specifically the lymph nodes
(18). Lymphedema in the upper and lower extremities is a possible adverse outcome from
cancer treatment, especially post lymph node removal from the axillary and pelvic regions
respectively (11). Surveys have shown female endometrial, cervical, and ovarian cancer
survivors that underwent lymphadenectomies reported a lower quality of life than patients
without lymphedema (18).
Another common treatment for pelvic and breast cancers is radiation treatment, which like
lymphadenectomies, can negatively affect the lymphatic system (11). Radiation therapy can
induce soft tissue fibrosis in lymphatic vessels, which in turn creates pressure on the lymph
nodes with the increased density of collagen and glycoproteins following tissue repair, causing
the nodes to shorten or narrow (11,13). Specifically, radiation has been shown to damage the
lymphatic system through down regulation and disruption of lymphatic endothelial cells and
creation of scar tissue. (11,12,13). Scars form in response to tissue injury or inflammation in
which fibroblasts deposit an excess amount of collagen fibers when replacing the damaged
tissue (31). Scarring underneath a microscope appears as tightly packed collagen fibers
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randomly orientated in irregular sheets, with the color often being white in hematoxylin and
eosin stained slides (31).
1.4 Male and Female Differentiation
The uterine wall can potentially be subject to lymph node growth and reduction due to the
surrounding uterine vessel changes throughout the menstruation cycle (28). In the proliferative
phase, lymph vessels and capillaries are reduced in size and availability in comparison to the
secretory phase, in which lymph vessels and capillaries are larger and more abundant (28). The
constant changes of lymphatic vessels present in the uterine wall of females may have an effect
on the size and distribution of lymph nodes. The lymphatic system is involved with the
regulation of inflammatory response through the transport of leukocytes and antigen
presenting cells to the lymph nodes themselves and the subsequent filtration and drainage of
the lymph, higher levels of inflammation can suggest a potential difference in the size and
distribution of lymph nodes (21,28). The menstrual cycle causes changes in the inflammatory
response in the axilla and the endometrium. In the follicular phase, estrogen levels are
increasing and estrogen is interacting with estrogen receptors on surrounding cytokines, which
increases inflammation in the endometrium and the axilla. The early and mid -luteal phase
produces a lower inflammatory response than the follicular phase due to decreasing estrogen
levels, and during the late luteal and menstruation phases inflammation is increased.
Pathological differences in nodes may also exist due to females experiencing higher levels of
inflammation and autoimmune disease compared to males (6,7,25).
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Increased inflammation is not limited to only menstruating females, as post-menopausal
and pregnant women also contain higher levels of inflammation. C-reactive protein (CRP), a
common inflammatory marker, is a protein secreted by the liver in response to inflammation
(7)). CRP levels can be found to be elevated in late-stage pregnant women as well as postmenopausal women (29). It is important to note it is not simply inflammation itself that leads to
potential size variances in lymph nodes, it is the filtration of the inflammatory response, which
is often edema and swelling in the lymph nodes. This filtration and processing of the excess
accumulation of fluid leads to potential alterations in the lymph node over time. Pregnant
women often develop edema in the lower extremities, and the increased lymphatic drainage
associated with the increased lymph may have an impact on the surrounding lymph nodes (11).
Differences in the hormonal effects of estrogen and testosterone in males and females may
also have an effect on the potential difference of lymph nodes. The effects of hormones on
lymphatic tissue are poorly understood. However, authors Morfoisse and Tofin suggest that
estradiol plays a central protective role in maintaining the lymphatic system (22). This study
established estrogen receptor alpha (ERα) as a precursor needed for endothelium healing after
vascular injury (22). The authors conclude that estrogen is associated with transcriptional
activation of lymphangiogenesis (22). Specifically, the study showcased estrogen binds in-vitro
with the lymphatic protein activator needed for lymphangiogenesis, PROX-1(13,22). In addition,
authors Trincot and Caron indicate testosterone reaches toxicity in-vitro, damaging lymphatic
endothelial cells, which appears to be in stark contrast to the protective role of estrogen
(28). Survey results from post-menopausal female patients that took hormone therapy drugs
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indicated these patients had an increased risk for lymphedema in general (13). The drug
tamoxifen, in particular, a known estrogen ERα receptor blocker, led to significant lymphatic
leakage in mice models (13,22). From these results, size and pathological changes can
potentially be observed in the lymph nodes of post-menopausal women due to the reduced
amount of estrogen available for lymphangiogenesis.
After cancer and cardiovascular disease, autoimmune disorders are the most prevalent
diseases in females (21). Approximately 78% of all autoimmune diseases occur in females (9).
Autoimmune disorders can potentially be linked to the lymphatic system, as improperly
functioning lymphatic vessels can lead to the occurrence of these disorders due to the
association between lymphatic dysfunction and increased inflammatory response of the
immune system (6,7,11). Lymphatic dysfunction in clearing disorders such as rheumatoid
arthritis are directly linked to impairments in functioning of lymph nodes, which typically
clinically manifests as swollen lymph nodes (lymphadenopathy) (11,21). Scarring on lymph
nodes from previous infections in females with autoimmune disorders may also lead to a
potential size and pathology differences in lymph nodes. Understanding these differences may
provide insight to potential differences in male and female lymph nodes.
The use of cadavers has remained constant in anatomical studies of lymph nodes since the
discovery of the lymphatic system in the 17th century (14). Recently, imaging techniques have
continuously improved from the mercury injections of the past to modern fluorescent
indocyanine dyes (26). Modern imaging techniques such as CT and MRI scans can be used to
differentiate between anatomical subgroupings of lymph nodes, but are less successful in
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determining specific sizes and ranges of nodes (19). Researchers Koppie and Vickers used MRI
scans on cadavers in order to quantify the total number of inguinal nodes, producing average
surface area values of 4mm for superficial inguinal nodes and 6mm for deep inguinal nodes,
and a key conclusion that no correlation exists between size or number between different
genders (19). However, lymph node dissection and tagging from cadavers remains the primary
method for obtaining quantifiable data, and has been used in recent cadaver-based studies
(1,26).
Observable differences in the sexes' lymph nodes can lead to improved diagnosis and
treatment of lymphatic disorders that affect males and females exclusively. Lymphatic and
autoimmune disorders are known to affect women at a significantly higher rate than men, and
highlighting potential differences in lymphatic tissue may provide relevant medical insight.
Accurate ranges of lymph nodes can lead to reduced complications from cancer treatments and
increased prognosis for future cancer patients. Overall, increased knowledge and
understanding of the lymph nodes and the lymphatic system as a whole can benefit the medical
community. The study seeks to establish potential differences in male versus female nodes in
order to understand discrepancies between male and female lymphatic dysfunction.
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Hypothesis
The study's hypothesis is the surface area of male and female lymph nodes will differ due to the
unique pathology and drainage differences among the sexes.
1.5 Specific Aims
The aim of this study was to observe a significant difference in the surface area of male and
female lymph nodes. Another aim was to establish qualitative differentiations in the histology
of male and female lymph nodes. Female lymph nodes were expected to showcase pathology
consistent with chronic inflammation compared to male lymph nodes. The pelvic and axillary
regions contain the most anatomical variation, due to this special emphasis was placed on
nodes in those regions.
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METHODS

The lymph node data was collected through anatomical dissection of cadavers donated to
the Philadelphia College of Osteopathic Medicine (PCOM). The cadaveric dissection occurred
over two years, with a total of 53 cadavers included in this study. Forty-three cadavers were
dissected in 2019, with the remaining ten bodies dissected in 2020. The demographics of the
cadavers were 34 female and 19 male. The average age of cadavers used in this study was 69
years old, with a range of 42-102 and a standard deviation of 12.2, with no significant age
differences between the sexes. Prior to dissection, cadavers were embalmed in an embalming
solution composed of ninety percent deionized water and ten percent Maryland State Blend, a
proprietary solution crafted at PCOM Georgia. After being embalmed, the cadavers were
stored at 4° C for 4-8 months prior to dissection.
The cadavers were first dissected by physician assistants, physical therapy, and osteopathic
medicine students at PCOM Georgia for use in anatomy lab. Lymph node specific dissection
occurred in the mornings following these student’s afternoon dissections. A total of ten
students (6 Biomedical Sciences, 4 Osteopathic Medicine) were members of the research team
involved in the dissection and collection of lymph nodes. Standard anatomical dissection tools
were used to dissect the cadavers, and a tagging device was used to tag lymph nodes. Tagged
lymph nodes were removed once PCOM Georgia students enrolled in anatomy courses were
finished with dissecting the cadavers at the end of the term.
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Prior to data collection, a spreadsheet was created to capture the background information
on each cadaver. This background information consisted of race/ethnicity, height/weight, cause
of death, age, and sex. Information was blinded until dissections were complete in order to
eliminate potential biases. Student researchers were tasked with identifying and collecting
lymph node data on prominent anatomical lymph node regions. The regions included, but not
limited to, were the sacral, iliac, inguinal, lumbar, axillary, supraclavicular, infraclavicular,
pulmonary, cardiac, hepatic, and neck regions. Distinctions among each anatomical region were
made in regards to superficial versus deep nodes, left versus right, and
lateral/medial/anterior/posterior. Lymph nodes collected from cadavers that did not meet
predetermined lower boundaries of average node ranges from previous studies were omitted
from analysis (10,16). Seven of the 53 cadavers in the study were omitted entirely for low
lymph node ranges. The axillary node analysis in the study was limited severely, as 33 of the 53
cadavers did not meet the minimum axillary node range. The minimum criteria values were as
follows: common iliac 3, internal iliac 4, external iliac 5, deep inguinal 1, superficial inguinal 4,
lumbar 15, sacral 1, axillary 2, and neck 2.
Data collected during the dissections included the length and width of the node and the
anatomical area in which the node was located. This was collected through standard anatomical
probing tools used to locate the nodes, a tagging gun to mark nodes for removal, and a ruler to
measure the length and width of the nodes. When the end of the trimester was complete and
the cadavers were ready for cremation, the tagged nodes were excised with scissors. The nodes
collected were then stored in embalming solution at room temperature (20C), and then placed
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in 1x phosphate buffered saline 24 hours prior to histological analysis. Lymph nodes were
inserted into standard tissue cassettes and processed using the Thermo-Fisher Lynx-2 Tissue
Processing machine. Tissue protocol #11 was used for processing lymph nodes, the standard
tissue protocol for human tissue types. This protocol used a combination of the following
reagents: ethanol (70, 80, 90, 95, and 100%), xylene, and paraffin wax. Ethanol was used to
dehydrate the lymphatic tissue, xylene as a clearing agent to displace the ethanol, and paraffin
wax to penetrate the tissue in order to preserve the tissue morphology. After tissue processing
was complete, the lymph nodes were placed in tissue cassettes and re-embedded with paraffin
wax to make a paraffin block suitable for microtome slicing.
Lymphatic tissue was subsequently sliced using the Thermo-Fisher Microtome 355s. Tissue
was sliced sagittally at 10 m, with distinguishing cuts made at the low, mid, and high portions
of the lymphatic tissue. Sliced tissue was fixed onto glass slides to be prepared for standard
hematoxylin and eosin staining. Slides were placed in hematoxylin and eosin-Y dyes for three
minutes or one and half minutes respectively to ensure maximum contrast and saturation. The
tissue slides were examined under a EVOL FL light microscope at 4x and 10x magnification to
compare and contrast male and female lymph nodes. Images were subsequently captured and
downloaded for analysis by using the EVOl FL Cell Imaging software.
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RESULTS
The quantifiable data collected from human cadavers was the surface area (length x width
via ruler) of lymph nodes. Data collection took place over a period of two years. During this
period, 61% of the cadavers were female.7 of the cadavers dissected were omitted entirely for
low lymph node sample sizes, and 33 of the 53 cadavers did not produce the minimum axillary
node range needed for inclusion (3).This may have occurred due to sample size restrictions
caused by Covid-19, or by the limited data collection. The 2019 cadaver dissections only
collected data on the lumbar, common iliac, sacral, external iliac, deep inguinal, and superficial
inguinal lymph nodes while the 2020 cadaver dissections included all of the 19 anatomical
regions in Figure 1.1. The largest anatomical region by surface area was determined to be the
deep inguinal nodes (298 mm2), and the smallest was the sacral nodes (7mm2).
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Figure 1.1: Average lymph node surface area (length x width) for each anatomical region of both sexes, data
collected from 53 cadavers over two years

Thirty-four female cadavers and 19 male cadavers were dissected over a period of two years to
compare average surface area values of inguinal nodes. Surface area was approximated by
multiplying the length and width of nodes measured by ruler. Inguinal nodes were further
categorized as superficial or deep. Figure 1.2 shows the average female superficial inguinal
nodes (140mm2) as being larger than male superficial inguinal nodes (74mm2). In addition,
figure 1.2 shows average male deep inguinal nodes (380mm2) being larger than female deep
inguinal nodes (256mm2).
Figure 1.2
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Figure 1.2: Average lymph node surface area of inguinal nodes, data collected from 53 cadavers over two-year
period
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Statistical analysis was used in order to showcase the lymph nodes surface area difference
between the sexes were not due to chance or another variable. The surface area data for both
male and female data sets were determined to not be normally distributed, due to high values
of kurtosis and skewness (+20 and +4 respectively). Due to the data not being normally
distributed, a non-parametric statistical test needed to be used instead of a parametric test
used in normally distributed populations. The two-tailed Mann-Whitney U Test was chosen
because it is non-parametric test that seeks to establish difference between two independent
data sets, which in this case was male and female lymph node surface area. The null hypothesis
used in the Mann-Whitney U Tests was male and female lymph node surface area are equal (no
significant difference). The alternate hypothesis was the surface area of male and female lymph
nodes are indeed statistically different and significant. The significance level of .05 was chosen,
which indicates that a P-value less than .05 rejects the null hypothesis and a P-value greater
than .05 supports the null hypothesis.
The P-value for superficial inguinal node comparison from table 1.1 was .021, which is less
than .05 significance level. From this result of the Mann-Whitney U Test (Table 1.1) the null
hypothesis (no significant difference in surface area between sexes) was rejected for superficial
inguinal nodes.
The null hypothesis for the Mann-Whitney U Test for deep inguinal nodes was no significant
differences exist between the surface area of male and female deep inguinal nodes and the
alternate hypothesis was that there is a significant difference between the surface area of male
and female deep inguinal nodes. With the determined P-value being .044 and less than the
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significance level of .05, the null hypothesis was rejected and the alternate hypothesis of male
and female deep inguinal nodes having a significant difference was confirmed.

Table 1.1

Statistical Calculations- Mann-Whitney U Test-Superficial Inguinal Nodes

Sample 1 (Male Superficial Inguinal Nodes)
Sum of ranks: 44661.5
Mean of ranks: 249.51
Expected sum of ranks: 41438.5
Expected mean of ranks: 231.5
U-value: 22105.5
Expected U-value: 25328.5
Sample 2 (Female Superficial Nodes)
Sum of ranks: 62291.5
Mean of ranks: 220.11
Expected sum of ranks: 65514.5
Expected mean of ranks: 231.5
U-value: 28551.5
Expected U-value: 25328.5
Sample 1 & 2 Combined
Sum of ranks: 106953
Mean of ranks: 231.5
Standard Deviation: 1398.04

P-value=.02111447
The range test statistic Z equals 2.305391, is not in the 95% critical value accepted
P-value < α (.05), H0 is rejected.

Table 1.1: Mann-Whitney U nonparametric test used to showcase potential statistical
differences between male and female superficial inguinal nodes
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Table 1.2
Statistical Calculations: Man-Whitney U Test- Deep Inguinal Nodes
Sample 1 (Male Deep Inguinal Nodes)
Sum of ranks: 6968.5
Mean of ranks: 92.91
Expected sum of ranks: 6337.5
Expected mean of ranks: 84.5
U-value: 2856.5
Expected U-value: 3487.5
Sample 2 (Female Deep Inguinal Nodes)
Sum of ranks: 7227.5
Mean of ranks: 77.72
Expected sum of ranks: 7858.5
Expected mean of ranks: 84.5
U-value: 4118.5
Expected U-value: 3487.5
Sample 1 & 2 Combined
Sum of ranks: 14196
Mean of ranks: 84.5
Standard Deviation: 313.4186

P-value=.0442217
The range test statistic Z equals 2.011983, is not in the 95% critical value accepted
P-value < α (.05), H0 is rejected.

Table 1.2: Mann-Whitney U nonparametric test used to showcase potential statistical
differences between male and female deep inguinal nodes
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Maximum saturation of hematoxylin and eosin dye was used in producing Figure 1.3. The
hematoxylin stain is more concentrated in the cortex layer of the lymph node (staining
lymphocytes, while the eosin stain is more concentrated in the capsular layer and medulla layer
(staining medullary fibers and extracellular proteins). The lymph node layers are clearly
distinguished from one another. The lymphocytes and follicles could not be distinguished. The
male deep inguinal node slide shown in figure 1.3 was sliced mid- sagittally.
Figure 1.3

Figure 1.3: Hematoxylin and Eosin stain of a male deep inguinal node at 10x light microscope
magnification, identifiable structures labeled with 400 μm scale for reference
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Maximum saturation of hematoxylin and eosin dye was used in producing Figure 1.4. Here, the
lymph node layers are not as clearly distinguishable as Figure 1.3. The capsule, composed of
dense connective tissue, appears to be detached from the internal layers of the lymph node.
The female deep inguinal node shown in figure 1.4 was cut mid-sagittally.
Figure 1.4

Figure 1.4: Hematoxylin and Eosin stain of a female deep inguinal node at 10x light microscope
magnification, identifiable structures labeled with 400 μm scale for reference
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DISCUSSION
The purpose of this study was to establish differences in male versus female lymph nodes.
The quantitative analysis done in the study provided interesting results that support the idea of
significant differences existing in the surface area of male and female inguinal lymph nodes. In
figure 1.2, the average size of female superficial inguinal nodes (140mm2) was found to be
larger than the male superficial inguinal nodes (74mm2). The opposite results were confirmed in
figure 1.2 with the male deep inguinal nodes (380mm2) being larger than female deep inguinal
nodes (256mm2). The variances in inflammation and lymphatic dysfunction in females
compared to males may not only indicate that they are differences in surface area, but more
specifically females could be expected to have a larger increase in surface area in lymph nodes
than males. This was supported with the superficial inguinal nodes in females being larger on
average than males. A possible explanation for the deep inguinal nodes in males being on
average larger than females could be due to the fact the deep inguinal nodes in males drain
from a larger surface area from the male urethra than the female urethra (3). The MannWhitney U Tests for both superficial and deep inguinal nodes successfully supported the
hypothesis of there being true difference in the surface area of male and female inguinal lymph
nodes.
While inguinal nodes were shown to have significant differences in surface area between
the sexes, it is interesting to note the lack of differences found in the other lymph nodes that
drain pelvic viscera. A large amount of lymph nodes collected during the study came from the
lumbar and iliac nodes, yet these regions contained no significant differences.The pelvic nodes,

30

particularly the iliac nodes which lays close in proximity and drains from the inguinal nodes,
contains the same lower estrogen levels and increased inflammatory markers as the inguinal
nodes of post-menopausal women. In addition benign prostatic hyperplasia, a condition that
enlarges the prostate, occurs in over 55 percent of men over the age of 50 (17). The external
iliac nodes drain the prostate gland, in which expected differences could be observed in the
iliac nodes of men with enlarged prostates due to the additional lymphatic drainage. If there is
a true difference in surface area of male and female inguinal nodes, then the difference should
also be present in the lumbar, iliac, and sacral lymph nodes due to the inguinal nodes draining
subsequently into these regions (3).. Additional quantitative analysis and research should be
planned to increase the sample size of the axillary region in particular which was excluded from
the study, in addition to to sacral, iliac, and lumbar nodes to examine if the differences are not
just limited to inguinal nodes.
The observable size difference established in male and female inguinal nodes can be
interpreted in different ways. Autoimmune diseases and lymphatic dysfunction are more
prevalent among women than men (25).. A difference in surface area between the inguinal
nodes of both sexes can suggest a difference in the number of T-cells in lymph nodes. This may
indicate difference in the immune response of male and females, and provide insight as to why
women experience higher rates of inflammation and lymphatic dysfunction than men.
Lymph nodes typically consists of 4 layers, the capsule, inner and outer cortex, and the
medulla (24). The outer cortex contains most of the B-lymphocytes in the lymph node while the
inner cortex contains T-lymphocytes (3,24). The capsule, the outermost layer of the lymph node
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is composed of dense connective tissue and the medulla, the innermost layer, is composed of
medullary fibers and blood vessels (24). Another distinguishing feature of lymph nodes are
germinal centers (a circular structure containing aggregates of mature B-cells in the cortex).
Lymphoid follicles, observable as small black spots under microscope, are aggregates of
dendritic, B, and T cells (24). It was expected that female inguinal nodes would showcase an
increase in the number of germinal centers due to chronic inflammation from the menstrual
cycle. All of the female cadavers in the study were post-menopausal, but were still expected to
show more germinal centers and scarring compared to males. On average, males have two to
three percent more dense connective tissue than females, and histologically this may appear as
having a thicker capsule or medulla than females (3,24).
Conclusions based on qualitative differences between the sexes could not be established due
to the low sample sizes obtained of histological images of the male and female lymph nodes.
Germinal centers and primary follicles could not be isolated in figures 1.3 and 1.4. The capsule,
cortex, and medulla were identifiable in the images. The medulla of the male inguinal nodes
appears to be thicker and have increased vasculature in comparison to the female counterpart.
The female inguinal node has a larger and more pronounced inner and outer cortex than the
male inguinal node. The female inguinal node’s medulla is less defined as the male, and appears
to have a higher percentage of connective tissue. This may be due to inflammation and scarring
produced from previous menstrual cycles.
The progression of cancer may have had an effect on the size and distribution on the lymph
nodes collected in the study. Later stages of cancer can produce swollen lymph nodes, leading
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to increased surface area and cell density (23). Patients with advanced stages of cancer
undergo treatments such as lymphadectomies and radiation treatments, which negatively
impact the lymph nodes (18,23). Fifteen of the 53 cadavers used in the study had a form of
cancer linked to their cause of death, but only one cadaver contained a gender exclusive cancer
(ovarian cancer). Four female cadavers contained metastatic breast cancer, and the rest of the
cadavers contained lung and brain cancers. The cadavers with cancer related caused of deaths
were not analyzed separately from the cadavers with non-cancer related cause of death
because the information was kept blinded to student researchers until data collection was
complete. Data analysis comparing cancerous lymph nodes against non-cancerous nodes was
planned but unable to be completed due to limited sample size of cancerous nodes to compare
against the baseline nodes.
As mentioned in the introduction, women undergoing hormonal replacement therapies with
breast cancer and post-menopausal women have been associated with increased occurrences
of secondary lymphedema and lymphatic dysfunction (13,22). Estrogen receptor-α is strongly
associated with proper lymphatic endothelial function (13). Women prescribed drugs that
reduce estrogen levels such as tamoxifen, a drug given to pre-menopausal breast cancer
patients and women prescribed aromatase inhibitors (drugs given to post-menopausal women
that reduce conversion of testosterone to estrogen) have been shown to have higher risk for
lymphatic dysfunction (13). The increased lymphatic dysfunction may have an impact on the
size of these female’s lymph nodes, potentially causing the nodes to increase in size because of
higher levels of swelling and inflammation. From these findings, it can be expected women that
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undergo hormonal replacement therapy and post-menopausal women will have larger lymph
nodes in terms of surface area compared to males due to their decreased level of estrogen.
A significant component of the research that was planned but unable to be completed was
the quantitative and histological analysis of axillary and neck lymph node regions between the
sexes. The axillary lymph nodes, like the inguinal lymph nodes, were expected to showcase an
overall difference in surface area between the sexes due to anatomical variations. The neck or
cervical lymph nodes between the sexes contain little to zero anatomical and lymphatic
drainages deviations. Due to this, analysis of the cervical region was planned in order to
establish a control or baseline in comparison to the lymph nodes of the axillary and inguinal
regions. The sample size of axillary nodes obtained during this study was not sufficient to
conduct quantitative or histological analysis. A portion of cervical nodes were examined for
histological analysis, but the poor quality of the tissue slices and staining were not adequate to
incorporate into the study.
In addition, other limitations exist which limit the impact of this study’s findings. Due to the
Covid-19 pandemic, the number of cadavers available for dissection was reduced, affecting the
sample size of lymph nodes obtained for data collection. The quality of lymph nodes dissected
may have been poor for histological analysis, as the nodes were embalmed and fixed prior to
dissection. The cadavers were first dissected by students in anatomy courses, not by members
of the research team. This may have led to a loss of lymph node data for certain anatomical
regions. The average age of cadavers used in the study was 69 years old, and the majority
cadavers had chronic ailments such as cardiovascular disease and cancer, which also may have
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impacted the quality of the lymph nodes. During tissue processing of the lymph nodes xylene
contamination was observed, which compromised the quality of the tissue during microtome
slicing and the subsequent observations underneath the light microscope.
Immunohistochemistry staining was also planned in order to compare the inflammation in male
and female nodes, but was unable to be completed due to time constraints.
With the limitations mentioned previously, additional research and analysis needs to be
conducted to further establish the findings of the study. Overall, the conclusions of this study
are male and female inguinal lymph nodes were quantifiably shown to have a significant
difference in surface area. Qualitative analysis did not find any substantial variances between
the sexes. Additional histological analysis and larger sample sizes of lymph nodes are needed to
further establish potential differences in lymph nodes. The differences can be further
extrapolated by the medical community into improving diagnostic criteria and treatment for
lymphedema, cancers, and certain inflammatory diseases by providing the medical community
with a clearer understanding of lymph nodes and the lymphatic system as a whole.
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